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(54) ROLLING MEMBER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To enhance the pitching resistant strength of a gear by using steel 
which remarkably enhances the resistance to softening by low-temperature tempering at 300 to 
350° C and by hardening tooth faces by means of carburization hardening, bright hardening and 
induction hardening methods. 

SOLUTION: The steel products regulated to satisfy the relations of the equation 5<4.3xSi(wt%) 
+7.3xAI(wt%)+3.1xV(wt%)+1.5xMo(wet%)+1.2xCKwet%)x(0.45-^C(wt%)) are subjected to 
carburization treatment so as to be regulated in the carbon concentration on their carburized 
surface layers to 0.6 to 0.9wt% and are subjected to hardening and tempering treatment at < 
300° C following to the carburization treatment or are once cooled after the carburization 
treatment and are then subjected to reheating hardening and tempering treatment at <300° C 
so that the hardness of >58 in HRC can be assured even by the tempering treatment at 300° 
C. 
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[ISM] 3 0 0 - 3 5 0 CTWttiKB? L*ftajffitt4:8HIFi:»fe4«IS:ffl^T, S:$m 

5* 5 < 4 . 3 x S i (**%) + 7 . 3 x A 1 + 3 . 1 x V ( 

+1. 5XMo (£*%) +1. 2XCr X (0. 4 5-HC 

3R«ft*«0. 6-0. 9ll%t:il?tLl>t t tC, g^HC^TlAtLt 3 0 0 
tWT«Lfel^St^\ ! bL<(±g^!kam^-S.^4PLT > W»MXtit 3 0 
OtttT«L»l^lL^ 3 0 0t«lftitJ:oTtHRC5 8 &±<a®3 £ 
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[#lflf#?>$£B] 

1 ] 

4^5: < t i>c l 0. 15-0. 3 5li%^^W fcitK, S i : 1. 0-3. 01 
S%&L<fiAl:0. 35-1. 5M*%c7}^-f tt^— L < (2 ( S i + A 1 ) :0 
. 5-3. 0lI%^tU Mn, Ni, Cr, Mo, V, Cu, W, Ti, 

Nb, B, Zr, Ta, Hf, C a«-fyi±^7cit P, S, N, O^O^iKflS 

5^4. 3 XS i +7. 3 XA 1 +3. 1 XV (Sfi%) +1. 5 

XMo +1. 2xCr X (0. 45tC (**%) ) 

^0. 6-0. 9il%Cll$*iS 1 1 tic. 8t^<kat«^TttA*Lt 3 0 O'CJii 
T«IILM«t!5\ fcL< imjfc#km&K-B.*i!MLX, If *i t 3 0 0 "C 

jy.T^HLftka^ifeL, 3 0 Ot^SILilCio'C'tHRC 5 8^±W®$*%« 

< i & C : 0 . 15-0. 3 5ii%^^tt^) tHC* Sill. 0-3. Ot 
• 96 & L < f±A 1 : 0 . 3 5-1. 5Am%<7)^~f ftj^— Ui> L<li (S i+Al) :o 
. 5-3. Olft%*^tU HCMn, Ni. Cr, Mo, V, Cu, W, Ti, 
Nb, B, Zr, Ta, Hf, C a <D— UVX±<0&&jt% t P , S, N, O^O^pTJgeg 

5^4. 3 X S i (11%) + 7 . 3 X A 1 + 3 . 1 XV + 1 . 5 

XMo + 1 . 2 XC r x (0. 45tC (11%) ) 

JK**0. 9-1. 5£*%£ME3*U h***fttl L*«/» 

«**»fe-fiA liajKWT^^*PL3tm^WUD*fe«IA*Lt 3 0 0 rJilT<7>iOiL*!k3£ifc 

Sr^-ifc^-fr, 3 0 0t^lML&li:J:ottHRC 6 2 &±<a® SsWfcfilS «t -9 K 

im*m 3 ] 

mie»#^*3V>T, Cr*mSi**I0 1. 4^Ti:ii4 £ £ tt, Mo : 0 
. 3 511%WT, V: 0. 4 11%^T> (Mn + Ni) :i. 0-2. 5M»%OV> 

■f tt ft VI ± *««ip s *l , a* o * *l *> * #5$; 

- 0 . 1 4 6 x S i + 0 . 0 3 XMn (S*%) - 0 . 0 2 4 XN i 

) + 0. 0 7 5 XCr + 0. 0 4 3 XMo (M*%) +0. 133XV (It 

96) ^0 

ffitimttK&^X, S i ttzl* (Si+Al) :i. 5-2. 5|i%, C r : 2. 0l 

4>* < t> c : 0 . 35~o. 60 **% Sr-g-^r-r* 1 1 s i : 1 . o~3. 0 S 

496 *> L < It A 1 : 0 . 3 5-1. 5il%Wf tlfr—fti> L<li (Si+Al) !0 
. 5-3. 0lf%$-ML> HCMn, Ni, Cr, Mo, V, Cu, W, Ti, 
Nb, B, Zr, Ta, Hf, C a &.&>±<D&&yt% t P , S, N, O^^nTigltt 
^MteimL, ^^fitti: F e frb%2> t t it:, ^ 

5^4. 3 X S i (M*%) + 7 . 3 X A 1 (11%) ) + 3. 1 XV (Mfi%) + 1 . 
5 XMo +1. 2 XC r (Mft%) X (0. 45tC (Sft%) ) 

O'CJ^TO^LM^JSU -€-<^^®«-fk»* s 3 0 0 toll L^IC iot^HRC 
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< ttC : 0. 35-0. 6 0li%S:^tt4 i: S i : 0 . 8 - 3 . Ol 
L < liA 1 : 0 . 5-1. 5St%<^i/>f tifr— L < li (S i + A 1 ) : 0 . 

8-3. Olf%^tL, ?f)C, Mn, Ni, Cr, Mo, V, Cu, W, Ti, N 
b, B, Zr, Ta, Hf, Ca<7)-|i^±^#7citP, S, N, O^^nTM^ 

5^4. 3 X S i + 7 . 3 X A 1 + 3 . 1 XV + 1 . 5 

xMo (MM96) +1. 2xCr (11%) x (0. 4 5 -5- C (fi*%) ) 

JS^O. 9-1. 5ii%i:fi?tL4tnt:, SM^C-IA 1 £&fig?&TK 
i$*PLT, IfJnfSW&Aati: 3 0 0 < CJilT?>^iiL#k3£lftU ^^R$Ii^vjVf> 
hffl + fc 1 txm&Tvm.nti:^* ^94 hM^-ZfrnZ^t. 3 0 0 tJfcg&BS L4l3ffifc 
ctoTHRC 6 2iU±<^®$5& t flH*$*t* J: ^ CL^ii:^ #M tf^ iSHgBtfo 
[IS** 7 ] 

mUm^K^X, Cr^tt*Si^tCl. 4 te&T fcfcK. Mo : 0 

. 3 5lf%filT> V : 0. 4MM:%MT, (Mn + Ni) : 1 . 0-2. 5S*%<75i/> 

-0. 14 6XSi +0. 0 3XMn - 0. 0 2 4 XNi (fifi% 

) + 0 . 0 7 5 XCr + 0. 0 4 3 XMO (Mfi%) +0. 133XV (S* 

%) ^ 0 

[ft** 8 ] 

< t i> c : o. 60-i. 5 o!i%^^tn £ £ s i : 1 . 0-3. ol 
m%i> KliAl : 0 . 35-1. 5 li%(?)^f iifr— L<li (S i+Ai) : 0 

. 5-3. 0ti%$-^L, HC, Mn, Ni, Cr, Mo, V, Cu, W, Ti, 
Nb, B, Zr, Ta, Hf, C a©-IW±<?)M7cf t P, S, N, 0^e>^r»to 

5^4. 3 X S i + 7 . 3 X A 1 (1*%) + 3 . 1 X V + 1 . 5 

XMo +1. 2XCr (Sfi%) X (0. 45vC (&*%) ) 

0 t^T^MU&S^JSU ^<7>affi»h®^3 0 0t«)«ILMi:ioTHRC 5 

[fit** 9 ] 

flffffiSfW^iS^T, M n : 0 . 3 - 1 . 5fi*%, C r : 0 . 5li%WT, M o : 0 . 
3 5ti%JJlT, V : 0. 4lf%WT, B!0. 0005-0. 00 5ll%OV>f*L 

*H!JGU: i t *idf 5-8 co^TtL^ni5«^KjWo 

[ft** 1 0] 

fltrlSAl^O. 3lt%M±^tt£«ii:^^T, 0. 3-1. 511%<DN i fimMZ 
[0 0 0 1 ] 

#^Mr*'b©-C, ct"9 W L< fi 300-35 0 TD-COttfi*^ L&.lt&in.'&.ZffimKM 
*>*«l*fllnt\ *^*KX*Ltt. 3W«SA*Lte* ^^S^'MAtLfe-eaffi^^kL-Cft 

-5. kG9-C&&o 
[0 0 0 2 ] 
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MIS: • ±*ffl«#to«j£«*f TNi, ffiWffiffite ( 2 0 0 kg f /mm 2 &±) 
lSa?*L*«i^&, SCr, SCM> S NCM^ffi^4H^«M'MAtL^ft^S^'M 

AtL^s^JftL^ffi^^-^wn^ffl?*LTv^ 0 it, itmmi&mm (~ 1 5 0 k g f 

/mm 2 ) W^fffl^tLST/WSTIi, S M na&0+*t3g«&tJD* (0 

. 4 5-0. 6li%C) ^ffl^T3fe*¥^AtL^^^^AtL#^M3l^ife Lfc**** 

[0 0 0 3] 

hMjft^f), J: <9 EiiiEEfcWx.* 1 1 «fc «9is553iJ^T\ J: 19 ffi =* * h 

[0 0 0 4 ] 

[0 0 0 5] 
[0 0 0 6 ] 

-r&M&xn, ^wtiffi^^; »+^feci^®ffiSj^<7)3 o or ix-<?)±.g-KttL 
x+frftMffiMLmkmjC'&zm-t&fr&frizji*!. <3c%z2ti&c\kizm%.L, 3 o or 
<Di&uffimLKtt^&mmLfrft&m£*m^wKm#>&A i & <£ xf/ $ tz j± s i 

^DL^W^^fflv^ 3 0 or-CO^HLIg^HR C 5 8 &± t ^^^l<7)«-^ffil±ffl 
[0 0 0 7 ] 

^iV^^^^M-r^Tt^^^^tt^t^T^ Si, AK V^WMn, Cr, Mo. N 
i £ <£ »9iliE^^i)DL> 3 0 0 tWlIL®?A 5 HRC 5 4ja±fc&£ =fc •? CSSLt 

<t« fcttt £ ^ *^ s^ia tt« ^ t m \>x ± e v ^ y y 5i m. z &%ix Z2>%m%nffl®i 

[0 0 0 8] 

mmzM&k-r&fzitxD^&is xmtm • mm 

W:]fc%tXn.mm.*MLfz S NCM8 1 5, SCM4 2 0, SCr 4 2 0 > SMnB420 

k g f /mm 2 <Dffi.nx^mm : &i<tz%k$k, 1 0 7 m^-et°y l#}#>&sj± 

li 2 1 0 k g f /mm 2 % #ffiJ±T-fef y > lf*$k$L Lfc|5iffifiiiii^'7;l'f 

>^ hffl<7)X^#«il)I{±4 - 4 . 2° t i: 1) I^SiSiiifiK^^-Cii 

[0 0 0 9] 

tit* S 5 5 C fii : MM :i &$£XtL')$tM LWkMK iotHRC 6 1-6 2 \'m& t fcDtJMIi: 
ov>T. IE2 5 0 kg f /mm 2 "COlBKiSffiajKSr^fllWaELfeilS*, 1 0 7 EHST 
^ v ^y tftf%%L\.%i£>Z>mi±tfm$ I 8 0 k g f /mm 2 -C&i-K ffiffi2 5 0 kgf/ 

mm 2 -ce v?-y y*%k$L\^tz$kmm<D-? )\<-7-y*rj v^^u^m^m%^)km.m.m 

<VZtlt teismm^ 3 . 6-4. 2° WUv^o 
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[0010] 

zhK, &%fjkm$® (o. 7 7ii%o Ko^xi>z<DfeW}Wi±&m* : ?ffim&Ltc& 

*> 10 7 EHg-Cfery^>^*«|S^L*6**iBJE* s «H2 30-240kg f /mm 2 "C 
[0 0 1 1 ] 

tfzMK, &m)k%ffl (0. 8 2it%C) <Z>4SifnB*Mi^AftLfcfc<a<afeI&liffi 
&%t*^ffim&Ltz&%:. 10' E^-etfyf-V^^ t*&**®JC^{itJ2 6 0 -2 
70kgf/mm ! flirfE*#Til (0. 7 7JI*%C) <D&$t)m&&BtK}t'<M& 

& £ «fc i:J: & 1 1 tftefro tz 0 
[0012] 

fcl. 5li%©C r *^tt4SU J 2*8 4 Ot^filSAil^HRC 6 2. 

W&SiLI&ib&WmWteli 2 7 0 kg f /mm 2 T?* *) > liiria*#r«<&-€-*ifc {itJffi D3& 
Jg£^U Bffi2 5 0 kg f /mm 2 Tfcf ? > \.tz%kUU<D-? )Vt- Z/*fj hfg 

<Dxm*ffimitMm&R®L%tM<D*ii}iizi3:mffiK4:. 2-4. 5 0 ci^u^sit 

[0013] 

££^^^5^0. 4 6. 0. 5 5 , 0. 6 6, 0. 7 7, 0. 8 5ll%tt?iil,K 
£«£8 2 0 A ft, 1 0 0 - 3 5 0*C-e^-3^M«HL^i:^co^!$i i: X^ffi 

2 6^2 8 0^-, P 2 6) £##KLT;f&ffL v ;P -f > >f h ffl<7) X j^HHS** 

4-4. 2° Kfc&SSfiiilJHRC 5 1 - 5 3 ClM^tlS^Kffiai, ^Jx.{f^ 
fllL««O^BB^»** s «H0. 7-0. 9 lt%CiS? *LTV^ i £ £##K-f& £ 

> -e<7)MMLfij^{i{jt?3 o or^ta^-r^it^'to^o^o 

[0014] 

> a^AtL©«*coe ^^-> ; r5^J^^#S7 v ci6(7)^t LTfi 3 0 0tt<7)lR LIE 
3j6«HRC 5 3 Ul± t ft* i fc* 5 *!?t*4 i i: *i Lfc. 

[0 0 15] 

S CM4 2 0«ltcft J ^!ftA*Lftta«r«ilL^«^®'ft»^3 0 0*C^ML©itt, J£. 
K%EXti#km*ffiLtz&ffi8tmffl<D 3 0 0 *CMML©£ t©Jfc«t:*v>T, MMLSMfcifi 

0 s . flTCBAtflfcXM (0. 8 2li%C) , SUJ 2 0^5a®JEaiJK^5fc#f^ffl<7>J: o K 
[0 0 16] 

IWaoftJWKAit^ J:* fef y^^^»aPfcra^JSl± (MPma x = 230kgf 
/mm 2 J5JL_t> ^B-jt4*WW-t LTf±, ^fryW&vmWSffitit CSo*i/»t, BEEfitcD 
0. 3^<^M-**)©»JSiJ (R=0) <7>ffi#&JRfc»;L4 ® ft* *ottff 

vn/-r>^-f hfflXiS^flfi*a^t>*4*«!? (HRC = 5 3) tfifet <£ < -g-ltLTV^ 
o fcttdJStftfc iotMtSt^CJ: ct, ^!&B^g®^^(5l? 3 0 0 
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ma x = 2 3 0 k g f /mm 2 I- It x. OH R C 5 4 J£l±-e&& «fc ^ K-e<7M£S£I§: 

o 

[0017] 

s <bfc, *ife^J2T^^-r* J: 9 o. i-i. os*%-^*-r*^*iio3 o 

HRC=3 GXyTC (11*%) +20. 9 

?^M-r^>^#^sa^t^^> 3 o otiiLY^f hffiwmztf^: 

HRC= (3 6xfC + 20. 9) + 4. 3XSi (lf%) + 7 . 3 X A 1 

+3. 1XV +1. 5XMo +1. 2XCr 

x (0. 4 5 + C ) 

tifo^Wit^iy^L^o &Js, ±^(0#^^7n^M*%^Jt^J-r^#^ (#!lx 

»*si-ctt4. 3ahrc/ii%) ^^7tm^mL^tmmam^-ri><Dx^ 

[0018] 

*§&WK&^x, mmmmm - &MmmtK&<5^x, mum* <D^m 

[0 0 1 9 ] 

4?* <<t&C:0. 15-0. 3 5lf tUC, Si : 1. 0-3. 0i 

*% U<liA 1 I 0 . 3 5-1. 5li%m>f L < fi ( S i + A 1 ) 10 

. 5 - 3 . 0li%$"MU Mn, Ni, Cr, Mo, V, Cu, W, Ti, 

Nb, B, Zr, Ta, Hf, C a O-ffiJ^O^TGSg t P , S, N, O^O^M 

5 < 4 . 3 X S i + 7 . 3 X A 1 (M*%) + 3 . 1 X V +1.5 

XM o + 1 . 2 X C r (fi*%) X ( 0 . 4 5 + C ) 

J**«0. 6-0. 9**%{^ilS$tt^ £ tt:, glfei^TlAHi: 3 0 0*C& 
TwIMLfeS^it^ <bL<(i^ati:-I^UT, WjP*y£A*tt 3 0 0t 
WT<?)lSLi!kS$:ftL, 3 0 0 t^lILWl^ot'dHRC 5 8J^±, <fc*5fc?£L 
< fiHRC 6 0 Jil±<7)®?^«?tl^>ct ^ K. LtzZ. t *mWt-f2> t^S 0 
[0 0 2 0] 

SCM^^AtlWi:^ltS^i«3 0 0 tiILH$lt ItHRC = 
5 3 - 5 6<D$&mK$>2>Zbfrt>, &m 1 $&mx*<7> 3 0 0tlILf?^HRC 5 8 Jil± 

M^7>7>^t^X^^>tfJi^(7)3>;^ Mfc3^2 5 - 3 0 %X$> 

(230^265kg f /mm 2 ) <7> 3 0 0 'C'J&il t^H R C 5 8W±t*^^H: 

Id < 

[0 0 2 1 ] 

$fz, m 1 fi«%A 1 O^iPti. ^JxffS CM^#<^,^1*KES£>6*L& 1 5 - 2 5 
(AHRC = 2) i3m#>hfcZ><DX, \SyJ-yy&&<V&mKlft$L^Zbl* 

[0 0 2 2] 

- - > ^- ^> n - 7 / < - -> y <d mm mm j±nm * m l , w h a* a eemssis^ sr H£ 5 
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[0 0 2 3 ] 



HHUteM Lfc<kjgjft14*Si6*fc#fcx S i : 1. 0-3. 0M*%&L<fiA 1 
: 0. 35-1. 5fi%^)^f*l^- 15 i> L< fi (S i +A 1 ) :0. 5-3. Oil 

1. 5**% A 1 OiKJJDH <fcoTfc|pI?fJgH^< &&<7)-t\ Si, A 1 <D±.V$Lmm* 3 
. 0ii%. 1. 5lt%tLfc, SkK, *-*7^>f hfcSfrffcjc* («^lf, C, M 

n, Ni> Cut) *mm&\^XA 3 ^Sli&JgSrffiT fcfc«fc oT$*A*lfij££ 

#Px.&£*Mi. #3l&!JBfc*JV»Tfi, Mn^itf/J fcliN i rt* (M n +N i ) :i. 0 
-2. 5MS%<7>l£H'e^D$tL^>i t$r#®H Lfc 0 



i^Iffl^^I^IACioT, A 1 mb^^j&Sftfcv* J: -9 
[0 0 2 7 ] 

4?4< t <>C : 0. 15-0. 3 5m*%Z^-r& tfctK, Si : 1. 0-3. 01 
*% 4> L < liA 1 : 0 . 3 5-1. 5ll%Wf ilfr— L < fi ( S i + A 1 ) :0 
. 5 - 3 . 0ll%^tL, Mn, Ni, Cr, Mo, V, Cu, W, Ti, 

Nb, B, Zr, Ta, Hf, C a V>— Wk±.o>4r&5t% t P , S, N, O^O^FiOSfcJ 

5^4. 3 x S i (S*%) + 7 . 3 X A 1 (M*%) + 3 . 1 X V (M»%) + 1 . 5 
XMo (Jl*%) +1. 2XCr x (0. 45tC (S*%) ) 

g£i> f 0. 9-1. 5fi«%KMS*U -£<&j&£t+fc£flS*fc:-tr;rf J»a«#fffi L*^ 

#cSN^-H.A lSJ»^TK»&a5UfclfefcWinHft«SA*Lfc 3 0 0 t£lT^S?L»l*i 

3 0 0t«LWJ:oT^HRC6 0a±, «t "9 » * L < (± H R C 6 



**J, SKllffi^^TKii* 0. 9lt%t LfcSfiii, Si, CrOKUDtJ: 



[0 0 2 4 ] 



[0 0 2 5 ] 




[0 0 2 8 ] 



(8) 



3P 2004-76125 A 2004.3.11 



[0 0 2 9] 

TifffE^®^^** 0. 9~l. 5S*%K-r&iiS^Jt£ft^liR^i£* (a c ) 
^ 1 a < <5i i/^f* r > -> J^i t^off £ b< fi^fij^li (lOOOtWl) "C* 

[0 0 3 0] 

Mn, Ni, M o #<OSJ# >9 > it 

- 0 . 1 4 6 X S i + 0 . 0 3 XM n - 0 . 0 2 4 X N i 

) + 0. 0 7 5 XCr + 0. 0 4 3 XMo +0. 133XV (fi 

96) < 0 

<Dd€#£#lt-f fc?&«$f4 L^t5>\ gERfiSKtt, Siifcli (Si+Al) :i. 5- 
2. 5li%tLt, Cr :2. 0 fi*%J^T^^Px.'C«ffl-r& £ h 4 LV> (SMI& 

W) o 

[0 0 3 1 ] 

■cs^sa? * is:a-r jitcio t wis* m jg-r & ^ t ^--e ^ & t itw h 

Mn, Ni£Si, A 1 SK-^fc-frT A 3 £Mft£fl£EU SiD^A*lfi^ s 9 5 0 
[0 0 3 2 ] 

WDilAtlSfS: 8 5 0 - 9 5 0 TDKE < Sfi!Sg-*-4»#fctt, ii^cT) S C 
MIM (0. 7 5ii%Mn, Ht%Cr, 0. 1 5 M*96M o ) K *3V>T ttfrtfe-f 

KV = 1 2 . 3, KCr = 6. 4, KMo = 3. 5, K N i = 0 . 22, KSU A 1 = 
0 

[0 0 3 3 ] 

4?4 < t C : o . 35~o. 6 ofi*%£-g-;#-r& ttte, Si : 1. o - 3 . ol 

«%t> L<I±A 1 : 0 . 3 5-1. 5 Jtfi%<^-f tt^— Job L<li (Si+Al) 10 
. 5 - 3 . 0M*%£-^firU 3 fcfc, M n, Ni, Cr, Mo, V, C u, W, Ti, 
Nb, B, Zr, Ta, Hf, C a eo-ffiJ^^^TC^f i P , S, N, 04$<Z>/Rntt«J 

5^4. 3 XS i +7. 3 XA 1 +3. 1 XV +1.5 

XMo (lt%) +1. 2XCr X (0. 4 5 + C (**%) ) 
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ox:nkT<DmmL^km^mL, -to^M-fts*^ 0 ot«L^ii:j:otiHRc 
5 5 &±.<d&z in* x 0 i:uit*#akti , b^u. 

[0 0 3 4 ] 

i^fct'tt*- s i l < tiA i <7)^«iin-em^-r^^^{iHtr^:^w#^<b 2 . 5 

S U L < ii 1 . 4 7 M*% A 1 &±<r>m\\tf'&mt & 19 , ^?>'MA*iSJ^9 0 0 ttt 
[0 0 3 5 ] 

, 0. 6il%J^Ttt&it* s jffi L<, ^^«*0. 4-0. 6lf%<7)ttii: 
Lfc»^Hfe»t*S i & L < li A 1 <^^4tt«6JjHt iiJgjE^Jna**!. Oli%S i, 0 
. 6iI%A 1 J^±K£& 1 k it&fflUztt&Zii&o 
[0 0 3 6 ] 

3 0 0 «IL®?!i s HRC 5 5W±-e**ifc*U »)» 4 L< , ^ofltf|E^S««A*L 

5 5MA%*±®.Rm&t-f&Z krfX L^Z.ki±m%frX*$>2><, 
[0 0 3 7 ] 

itz, m 5&m<Dm^tfKmm 2&m<Dmwtm9i}k*mL, siiti^mWTwM 

[0 0 3 8] 

T, 'J?% < ki>C : 0. 60-1. 5 0lt%^tt4 i: £ fcK, S i : 1 . 0-3. 
Oii%i KliAl : 0. 3 5-1. 5 4*%<*>v>1* tld*— L < fi (S i + A l ) 
I 0. 5-3. 0S*%£^f L, HC. Mn, N i , Cr, Mo, V, C u. W, T 
i, Nb, B, Zr, Ta, Hf, C a <D— M&±<n&&Jt% k P , S, N, O^O^T 

5^4. 3 X S i + 7 . 3 X A l + 3 . 1 X V + 1 . 5 

XMo (**%) +1. 2XCr X (0. 45tC (fi*%) ) 

<Dmm*m8.-tz> x o ^m^fir^^muirMm^mxfiumm^mxtnekmm^s o 

OtWTOlILfel^SL, -e«5^®«Mk***3 0 Ot^MLjm^ioTHRC 5 
[0 0 3 9] 

StH-i:^, & A «r & A * #. vM£ *K >; -7 - m X *l j£ £ f 0 ffl i" * £ k K X o 
[0 0 4 0] 



(10) 



JP 2004-76125 A 2004.3.11 



[0 0 4 1 ] 

fiJtKBES *i>fc «9-r^, *U £<7>J§^H{i V^If^'M L^-fk^jLte 

AHRC (3 5 0t : 4. 6, 4 0 0 "C : 6 . 1 , 4 5 0 "C : 9 . 2) £^i"C>T% 

ijmii*<7)%]$:j)mmKm.tiithtbz> o . o 5ii%w±t u 2£>?-<^A*ia^?>:KA 

^95ott L^^o^r^nv^^Uffl-e^^ 0. 4fi*%£±BB£ L£ 0 
[0 0 4 2 ] 

4 fc, M o *> «t >9 ffiSJgliJ-e^H^M L%k1tmn.'\± (3 5 0 t: 2. 4. 4 0 0 : 3 
. 23, 450^:4. 9) ZTF-rvX-, ffimfQKmnr&ZtttlfttL^tiK n^Mft 

%m&frho. 3 5ii%MijnitL^o 

[0 0 4 3 ] 

4^&< i fc-bpO-^ ^^t^M-fkU MtfifnCr :0. 2-0. 5m* 
[0 0 4 4 ] 

* fc , A ifciffi A *LteWiD» tiotlA WR-fk £ * * KIR o fc ijp^^te * 

*fc«>fc, *E«i^AfrflI«ll#TNirtv»«Afttt*#£fc ta*S>, Mn : 0. 3 

- 1 . 5li%, M o : - 0 . 3 511%, BIO. 0005-0. 00 5li%Wf 

[0 0 4 5 ] 

£ tzZ hKmi O^mXit, fltrlB»fi^A 1 t N i : 0. 3-2. 5ti%^H 
fcitfcj: »k M4Mtt^ffl*«ISa-r*it«:*ttiJSAttan#ffi2 0 0 2 - 1 3 5 
2 7 4-fT«LTi3»), £*)fc>»j\ 0. 6S*%i3J:O f 1 . 2fi%RI^^ttSa 

[0 0 4 6 ] 

*»Mt*v»T, ft^fiJt^WiJPf&fiJt*! J: WflJItttAjtiaa^jfif fiJRt 
»^MI4Ti, Nb, Zr, Ta, H f ^<^a^a^^l§ B B B ^Jt^^k7C^ t l*»fn*7cH 

ffifco. 0 0 5 - 0. 2M«%*6Hrt-e«S*pi-*ifc* s »i L^itfiWe>^-c*&o 

[0 0 4 7 ] 
[0 0 4 8 ] 

5 i : 0 . 8 - 3 . 0 M*% 

S i Ii3 0 0 - 3 5 0 *C WT^teS'J&K LU8tt&-?<D&tm vrntrnX^M^^M^^TC 
[0 0 4 9 ] 

( i ) S^«*gA*tfflffi^ ; 

S i OTMili, 1**%^«9CDS i <D 3 0 0t)lMLt(7)ftWjiAHRC7ti s 4. 
3UJitt, 0. 6ll%Kl^f>*^ 3 0 0 t:lIL(7)^-^f ?^HRC4 8 
. 8fiiti:H, 3 0 CCMML^S HRC 5 3 S:flt«t4fcftOS i «SAD*lift 1 
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. 0fi*%-C*tK ZbK, 0. 1 5li%(^)A 1 tf&ft-t&Wi&WS i mmUfoO . 
8ii%t^S Zkfrh. 0. 8li%S i £S i m\\TMt I£5ei-&7^\ L 

[0 0 5 0] 

ifc, S i <0±R*J|I*M\ flrifcco^* 0 . 3 5-0. 6S*%c7)fEH-eA c 

S i ±RB^iD*3&«2. 5 Il%WT^S i t «9 0* Lv> 0 
[0 0 5 1 ] 

(2) *Ufltt*: 

MmmnMUttv>mmKWiM*WL, *<DmwRmmu**o. 6~o. 9fia% 

S hl'8£Xtlt 3 0 0 T^T^MLMSSrJfcLT, 3 0 0 tIML«?HR 

c 6 o *m%-t&tztb<D§ im,mA<D±, Tiito^xyj^ ±5E<7)s i mi)mm& 

[0 0 5 2] 

3 0 0 tWTOfiHtll UKfcJSSrifi LT, 4?* <H 3 0 0 VMM LTOf? H R 
C 6 2 &_t£Stifc-r ZtzitxDS i 0±> TIS«S*P*i: LTtdU Jil?±&?>S i ittKH** 

[0 0 5 3] 

mmmmmKmwmK** h*#rtfi;s*-f a®RH*£o. 9-1. 5 

li%US*4fci6i:, 9 3 0 - 1 1 0 0 t^fiTiOg^if^liSi^^JfiS^^ 
^(7)^Hfi, ±i:C rTC^*-^-*-* J: affl^fc ( 3 - 1 5 p m) -fc^> 

•c, *awc»i, ^-^a*is^sri»jt-r* s iSraifls^iiiinittu, s 

i«giJD»0 1. 4<gJil±HC r SrjSiPL* J: ? K U S £ d fMffl K fi , 5£ 

-0. 14 6XSi +0. 0 3XMn - 0. 0 2 4 XNi 

) + 0. 075XCr (M*%) + 0. 0 4 3 XMo +0. 13 3XV (Jr* 

96) <0 

[0 0 5 4] 
[0 0 5 5] 

*§km-?n. a i^*s i x *) i>&&i&mLmkmfL&*&ibz>jim~?$>&z- 1 *mmi< ( 

AHRC = 7. 3) x A l *&$&Km))Wf&Wi&V>mi)\\*i*0. 35-1. 5fi%tL 
, S i <7)— SRSrO. 15-1. 5M*%<7)A 1 •^g^^x.TfOffl-r&^Uti (S i + A 
1) : 0. 5-3. 0Mm%b-t2>Z.k&!$mt Lfcrt*. mm<OX -5 KA 1 (i S i <£ »5 
^ti^^7x7^ h£iEfl:3C3jtT;|>*K Ac 3£^S i Clfc^Tl) 1 . 6^ct «5i& 

^^'ftffl^ ; t-r^><7)"c\ -e^^co^ijpasr 1 . 511% (=2. 5ii%/i. 6) ti 

[0 0 5 6 ] 

ifc?f>fc* HtrlS^iP*<7)A 1 fcN i : 0. 3-2. 5li%*^#S*4iiCJ:*), 
SHfftaWttftffl^at* i fc *fP»:««2 002-13527 4-5§-e$&-g-LT*>^ 
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1. 5lI%tlTtU:. 

[0 0 5 7] 

MnJi^^Jftatf^ffl^-r/i^T* < » M&oJ: 9 * - * -r ^ -f h fcftjfrffcS*** 

JfcCTJtMajIFStL*;**, ffr|E^*5& s 0 . 35-0. 6li%tMn«T1t 
jiLiit o 

[0 0 5 8 J 

*&££rt>t>, *»»-eiia*IHjRI S CMit Hl/^^© 0 . 3 5**%JSLTOttH-C 
[0 0 5 9 ] 

ttt (D I -fit) It, &1H<r>$mmi"<)\«r>mXfite.3 . 0 i n c h^±£ 

C r^iD*^ct *MS;<PftU Si, A 1 , Ni, Mo, Vf ©MSi^ilLTD I 
flit** 3. 0inch£lTt44J:^U, 
[0 0 6 0] 

[0 0 6 1 ] 

) 

&*«<oe?*>*' , s*jftfcipi*L*:o ^1 'i^^^ffl^^SM^ifli, MJ£ §£»<?) ft 

M#£^L£ *) , #a«#JiH 2 (a) *L*/hn - vl^tf-^KJni 

L£f£, No, 1, 2, 4 <i8 2 0*0^3 O^tD^^^TfC^AtLL 1 6 CC-eSBtM^M 
LT. ttJfcfcftLfco No. 3 l±iltiSMtt»ii^ 4 0kHz ^Jltiil 

zm^xj&xtimitL, ±mtmm<ommvnm^mhfz 0 £*>k> no. 5^93 o*c 

-C5 f$M<7)SJt*3iS l^'-K-r >vt;i/0 . 8) Lfcft8 5 0ti:^U 8 5 0tlf3 

[0 0 6 2 ] 
[fill ' 
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Si 


Mn 


Ni 


Cr 


Mo 


mm 


No.1 


0.55 


0.23 


0.71 








S55C 


No.2 


0.77 


0.21 


0.74 










No.3 


0.85 


0.22 


0.81 










No.4 


0.98 


0.27 


0.48 




1.47 




SUJ2 


No.5 


0.19 


0.22 


0.75 




0.97 


0.15 


SCM420H 



[0 0 6 3 ] 

HI 2 (b) KTjiZtl&jzV-vU&ifrb LXlt, No. 40SUJ 2#*r 8 2 0*0^3 0 

VUm*7 0*C<7)# 3 O^yyyjrHfrX-mffiLKtfh, 1 0 5 0 r pm, jz 

v-7 £292rpm£LT4 0 ^ S££^-x_, M)££ 3 7 5 - 2 2 
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0 k g f /mm 2 oU+n&n-Cfkfiii^x.X&mLfco 
[0 0 6 4 ] 

^-e^^ttTv^o k°-7^->^|§^^t9^L^l 0 7 Is] t £&($<7)®EE£if*aiM^$iti 
JttfeHL yf->^5i>Jgti#}2 1 0 k g f /mm 2 k%2> Z. ttftefr^tz 
o ratR^SI^'tt^-C^it-r* No. 1 : 1 7 5 k g f /mm 2 > No. 2 : 

2 4 0 k g f /mm 2 , N o . 3:260kgf /mm 2 , N o . 4:260kgf /m 
m 2 tiiitWoi, 8tRJL«*tHtt^9y***^^:§ < , ioJKHli 

[0 0 6 5] 

£fc, ®EE 2 5 0 kg f /mm 2 t f 7 f > ^ L/tKili<7) v ;vf > t ^ >ffl<OX 

IMMlMI £ 98* L No. 113. 6-4. 0° , No. 2:4-4. 2° , No 

. 3:4. 2-4. 4 ° , N o . 4:4. 3-4. 6°, No. 5:4-4. 2° o 

[0 0 6 6 ] 

fliffE&4«yffi&;»Lrt:No. 1 ~5<a|*©Ut£2 5 0 - 3 5 0tt#3H[flIHL 
[0 0 6 7 ] 

(^jftM 2 ) L**fc«i£«i«>tiiB 
^2 fi^^ifefnjT^ffl Lfc^#ffiJift*ji*L *K »I(i 8 1 0 - 8 7 0 13^3 

0^»C*^L, 3 0 0 , 3 5 0 < C-e3B#M^MLL7tfmK-<7>n^?i;plli3H 

[0 0 6 8] 
[*2] 



TPNo. 


C 


Si 


Al 


Mn 


Ni 


Cr 


Mo 


V 


B 


No.6 


0.45 


1.45 




0.46 




1 49 


0.52 


0.14 


0.0018 


No.7 


0.49 


1.45 




0.46 




1.01 


1.03 


0.15 


0.0019 


No.8 


0.47 


0.31 




0.46 




2.01 


1.03 


0.15 


0.0019 


No 9 


0.49 


0.29 




0.45 




1.5 


1.49 


0.23 


0.0019 


No.10 


0.36 


1.77 




0.6 




0.62 


0.11 




0.0026 


No.11 


0.45 


0.95 




0.66 


0.01 


1.29 


0.5 




0.0029 


No.12 


0.39 


0.93 




1.02 


0.08 


0.97 


0.95 


0.5 




No. 13 


0.43 


0.26 




0.44 




1.01 


0.48 




0.001 


No.14 


0.47 


0.25 




0.4 




1.01 


1.05 




0.0018 


No.15 


0.46 


1.5 




0.4 




1 


0.51 




0.002 


No. 16 


0.45 


0.24 




0.4 




1.02 


0.48 


0.31 


0.0011 


No.17 


0.45 


1.46 




0.39 




0.96 


0.98 




0.001 


No.18 


0.41 


0.25 




0.35 




1 


0.49 




0.0017 


No. 19 


0.52 


2.3 




0.57 




0.11 








No.20 


0.98 


0.27 




0.48 




1.47 








No.21 


0.55 


0.23 




0.71 












No.22 


0.77 


0.21 




0.74 












No.23 


0.45 


0.21 


1.26 


0.53 




1.51 


0.21 






No.24 


0.6 


0.25 


0.97 


0.93 


0.98 


1.04 


0.35 
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[0 0 6 9] 

^ffimMit LT> 0. 1-1. 0li%WKiH. 3-0. 9lf%^)Mn^ 

2 5 0ttli HRC = 3 4XvTC +2 6. 5 

3 0 0 ttii HRC = 3 6X/~C (fi*%) +2 0. 9 
3 5 0 t)-Cli HRC = 38XvTC +15. 3 
-efiia $ *i & i £: tf*> o 7t o 

[0 0 7 0] 

HRCii, MH£3 o otf, >fe£-efEj£-e£& i ttffo fr^tio 

AHRC = 4. 3XSi +7. 3 XA 1 (fi*%) +1. 2 XC r 

X (0. 4 5 + C ) +1. 5 XMo (fi«%) +3. 1 XV 

£©j©*3^fe, A 1 liS i (7)1. 7f&^>«5B?L*'fkS£K:ti*||3S-r4it3& t *>*^, i&gj 
BB ffi 3i& <7> §5:#7C^ t Ltftftt ift -C & 2> C t to ^ o 0 
[0 0 7 1 ] 

z<vmfrh, ^^^iPIt^hr C± l <Dmm-?ffi&&<¥mx~% &z ttfk>fr& 0 

£ fc, 1 C7)S CM 4 2 0 (No. 5) <nW:RM (0. 8li%Rt) W3 0 0« 

ss lams tco^r i>m 4 k js^-c^ep-^s ti-cjs 19 , nmut m < ^lt^ ch 5 

[0 0 7 2 ] 

(Sifew 3 ) %tM Lmmm&KmtitzMttK x&ey^-y y&m<v&w 1 

%3ii*^mMX-i£m^&Mtt(D&£$.fr&7FLtzi><7>'C$>2>o No. PI -No. PI 
0i-oi/>Tfi, 8 5 0 - 9 2 0 TZfrh%t&Aiitzm~ 1 6 0 tt*3 W^IHLM^S 

u no. pik no. p 1 2immMi tmcMmmm&ftx~mm$i'MxtiLtii> 

[0 0 7 3 ] 
[S3] 





C 


Si 


Al 


Mn 


Ni 


Cr 


Mo 


V 


B 


300°C 
ft^HRC 


NO.P1 


0.34 


0.21 


1.47 


1.17 




0.17 


0.11 






53.96 


No.P2 


0.39 


1.49 


0.49 


0.51 




0.34 


0.05 






53.91 


No.P3 


0.41 


1.51 




0.72 




0.32 


0.15 






51.09 


No.P4 


0.41 | 


1.5 




0.71 




0.32 


0.16 


0.3 




51.99 


No.P5 


0.45 


0.18 


1.26 


0.53 




0.5 


021 






55.94 


N0.P6 


0.55 1 


1.51 




0.71 




0.15 


0.16 






54.48 


No.P7 


0.61 


1.21 




0.75 




0.14 








54.34 


N0.P8 


0.62 


0.21 


1.24 


0.53 




0.12 








59.31 


No.P9 


0.45 


1.02 


1.26 


0.49 




0.12 








58.78 


No.PlO 


0.61 


0.25 


1.47 


0.93 


0.98 


1.04 


0.35 






62.27 


No.P11 


0.83 


1.01 


0.31 


0.55 




0.96 




0.38 




62.11 


NO.P12 


1.21 ! 


0.2 


0.52 


0.52 


1.01 


0.51 




0.4 




66.62 



[0 0 7 4 ] 
[0 0 7 5 ] 

ztihwm&frh, a 1 , s i <QMm. i>L<i*m&mM-£ "5> £>k> no. 
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P3, P4, pii, p 1 2<D*tmfrhvm[\^£^x&mm<7)M^v3-y r&gt-bmm 

[0 0 7 6] 

AftLfcNo. PI 1, P 1 2 (cj3^Tii&&-C8MFfrH-fcr ^ >^au*<^)3fc#*«ffil©$ 
[0 0 7 7 ] 

i3^i:iiItIi:«):J 3 0 0 t;#5M L@$75 ? ^S*iTi3 *K ^«?*^ft|t?tL 
[0 0 7 8] 

(^SJfcfll 4 ) II LftfkSfcSLtefcfcftfcflWfc. <t 2> fc? y > ^5iiJ^<7)3fc# 2 

1 1020*0 (Bkstmstmmdti. 3mm%m.^) ^-a^^is^i&L 

, 1. 3M%C<Gft*JKS^i*J&tf-fcov>-Ctt9 0 0 tt3 0^?)ffiltlA*liM 

[0 0 7 9] 
[g4] 



c 


C 


Si 


Al 


Mn 


Ni 


Cr 


Mo 


V 


B 


300°C 


350°C 
ft^HRC 




&mr2 


N0.5 


0.19 


0.22 




0.75 




0.97 


0.15 






40.52 


37.26 


5.06 


1.22 


NO.G1 


0.22 


0.83 




0.72 




0.96 


0.16 






43.95 


40.82 


5.28 


1.35 


No.G2 


0.21 


1.48 




1.18 




0.45 


0.21 


0.41 




46.50 


43.71 


5.84 


1.67 


No.G3 


0.26 


0.81 


0.37 


1.21 


0.49 


0.52 


0.19 






46.81 


43.18 


7.33 


1.66 


No.G4 


0.26 


0.21 


1.01 


1.09 




1.51 


0.15 


0.37 




52.04 


49.65 


7.78 


1.54 


No.G5 


0.34 


0.21 


1.47 


1.17 




0.17 


0.11 






53.96 


49.79 


6.83 


1.14 


N0.G6 


0.22 


0.24 


0.99 


1.29 


1.01 


1.02 


0.36 






49.09 


45.98 


9.24 


1.40 



[0 0 8 0 ] 

ffi3k*7jkLtzi><DX~$)V) , tt^No. 5 0>&W:k&'<Z>k* A 1 N 0 . 

G3~No. G 6 KmmK&Mtimtb btl&o $tz. No. G2<tNo. G3^»t, 

[0 0 8 1 ] 

itz, @8iiNo. 5, No. G2, No. G 4 <DUMW:)km Sr 1 . 3ft%t: 

[0 0 8 2 ] 

@8liNo. 5tNo. G 2 <n%M&fikM<DW$MM £tf L & *J % No. G 2 cr> 

[H®<7)m#^iji0^] 

[Hi] mwt, f e 3 s i <*>#&-&&5cHof2»£^-r#JB0-e**o 



JP 2004-76125 A 2004.3.11 



[B2] 02 ( a ) (b) »*, v-7\iyryymmmum)f*7F-i-mx~&2>o 
[03] 03 f4, u-7\Sv^yy&m<D¥ffium&&*7F-ty7y-c$>2> 0 
[S4] 1214(4, MmLmzvmmmttmm<D}£mz7jk-??'9 7x~&2> 0 

[0 5] 0 5f4, *§kWm<D^yJ->?'&mZ^-tr77 (1) -c**o 
[0 6] 0 6 14. *^«^«8X*L«!a<0^^-^*^-rEI-C*>io 
[07] H7»4, #&W«<atfy^>^&J&*j3*-*-^?7 (2) T?*a 0 
[0 8] 0 8 t4. *§&WffiWy?->ytem&7Ti-1-y7 7 (3) 

[0 9] 09 (a) (b) f4. No. 5, No. G 2 <*>a^S<Z>&JRim*^r«-e* 

<2> o 
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[07] 



[IB 8] 
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~ S 5 





[19] 



No,5.No.Q2 »;Se?Jf 




(a)N0.5 




(b)No.G2 
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[ttffi B] Wl#8^ 300 C2002.8.30) 
[tiIEM#l^§£] 0 0 7 9 
[0 0 7 9 ] 
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